INTRODUCTION

In the field of electrical safety an important topic is the transmission of voltages, during an earth fault, inside an extended interconnection of local earthing systems. The paper presents a study, with reference to the MV networks, about those systems where the interconnection between the earth electrodes of the electrical installations is carried out using bare buried conductors. Starting from the description of the circuital model of a bare buried conductor interconnecting together the earth electrodes of two MV/lv substations, the mathematical model of the whole interconnected earthing system is found. Finally, the results of some simulations, giving the distribution of the fault current between the interconnected earth electrodes and the bare buried conductors, are shown.
MODEL OF A BARE BURIED CONDUCTOR
In fig. 1 is represented a bare buried conductor connected to the earth electrodes of two MV/lv substations. The conductor injects in the soil a current equal to I 1 -I 2 . The cable induces in the bare buried conductor a voltage drop E C given by: where D ci is the distance between the bare buried conductor and the i th conductor and H E is given, as function of the frequency f and of the earth resistivity ρ, by:
An infinitesimal part of the system, including both the cable and the bare conductor, is represented in fig. 2 . For the circuit in fig.2 , the following equations can be written:
From (3) the following equations are obtained:
whose solutions are: 
where:
and Ch and Sh, are the hyperbolic cosine and sine functions. The buried conductor between the substation can be represented by the circuit in fig. 3 . Starting from (5), the resistances R 1 and R 2 and the impedance Z L are defined. 2 and Z L depend on the values of I 1 and I 2 and so they are not useful for a general representation of the buried conductor. However, when the product α·L is very small (<0.1) it's possible to write:
In this case, the voltage drop on Z L is equal to the sum of the voltage drop on the self impedance of the bare buried conductor and the voltage due to the mutual coupling between this one and the other conductors. As a consequence, the equivalent circuit representing the bare buried conductor is represented in fig. 4 . The model in fig. 4 is not valid when
, but in this case it's still possible to use it dividing the bare buried conductor in n parts having the same length , such that the relation
Therefore, the bare buried conductor can be represented by n identical series connected pi-circuits. can be calculated with the following relation: 
In tables 1 and 2 are reported the values of n and calculated for two copper bare buried conductor with different characteristics, varying the earth resistivity ρ. 
MODEL OF THE MV LINE
In order to study the behaviour of the system shown in fig. 1 , the model explained in [1] has been used. The MV line has been divided into n parts whose length is equal to , so that it's possible to use the circuit in fig. 4 for representing the bare buried conductor. The equivalent circuit of a part of line is represented in fig. 5 . In fig. 5 , I F indicates the fault current, ⋅ c the mutual capacitance between the generic phase conductor and the bare buried conductor and the subscripts "in" and "out" indicate, respectively, the input and output voltages and currents. According to the model explained in [4] , the faulted phase conductor c1 is absent if the circuit in fig.5 refers to a span of the system below the fault point. According to [2] 
for spans of the system above the fault location and 
MODEL OF THE MV NETWORK
Using a matrix approach, a simple mathematical model can be found for the network represented in fig. 6 in which a tri-core cable MV line supplies N MV/lv substations whose earthing electrodes are interconnected by bare buried conductors. Equations (17) and (18) allow the study of a span of the MV line between two substations. Every span supplies a substations where the buried conductor is connected to the earthing system, whose earth resistance is R E . The generic substation behaves towards an MV single-line-toearth fault like a passive multiport characterized only by this earth resistance. For a matrix approach allowing the study of the whole system, it's necessary to model with a matrix the presence of R E . Therefore the equivalent circuit of a generic substation is the one shown in fig. 7 . In the case of substation below the fault point the phase conductor c1 is absent in the circuit represented in fig. 7 . The input-output relation of the substation, respectively for a substation above and below the fault point, is: The subscript "i" indicates that the voltages and the currents appearing in (19) are the output voltages and currents of the i th substation. Therefore the input-output relation of the system consisting of the MV line between two substations and the substation at the end of this line is: 
it's possible to find the input-output relation of the whole MV network following the procedure explained in [3] and [4] : 
APPLICATION EXAMPLE
The proposed model is applied for studying the network whose characteristics are reported in table 3. Fig. 8 and 9 show, respectively, the currents injected in the soil by the earth electrodes of the MV/lv substations and by the bare buried conductors during a single-line-to-earth fault at the 10 th substation. fig. 8 and 9 , the buried conductor between the HV/MV station and the first substation disperses about the 30% of the fault current, while the 1 st substation disperse about the 2.5%. This means that the use of bare buried conductors to interconnect the earth electrodes of the substations allows to reduce the earth currents inside substations areas and so to improve the safety.
CONCLUSION
The paper presents a model to study extended interconnections of earthing systems where the earth electrodes are interconnected using bare buried conductors. The use of the model allows to put in evidence the great advantages for the electrical safety that can be obtained interconnecting earthing systems of MV/lv substations with these elements.
